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Abstract: Windows are one of the most significant elements in the design of buildings. Whether there 
are small punched openings in the facade or a completely glazed curtain wall, windows are usually a 
dominant feature of the building's exterior appearance. From the energy use perspective, windows 
may also be regarded as thermal holes for a building. Therefore, window design and selection must 
take both aesthetics and serviceability into consideration. In this paper, using building computer 
simulation techniques, the effects of glass types on the thermal and energy performance of a sample 
air-conditioned office building in Australia are studied. It is found that a glass type with lower shading 
coefficient will have a lower building cooling load and total energy use. Through the comparison of 
results between current and future weather scenarios, it is identified that the pattern found from the 
current weather scenario would also exist in the future weather scenario, although the scale of change 
would become smaller. The possible implication of glazing selection in face of global warming is also 
examined. It is found that compared with its influence on building thermal performance, its influence 
on the building energy use is relatively small or insignificant. 
Introduction 
Windows are one of the most significant elements in the design of buildings. Whether there are small 
punched openings in the facade or a completely glazed curtain wall, windows are usually a dominant 
feature of the building's exterior appearance [1]. From the energy use perspective, windows may also 
be regarded as thermal holes for a building, their loss and gain of heat may be in four ways of 
conduction, convection, radiation and/or air leakage. Generally, windows add to the energy bill 
through conductive heat losses in the winter and radiant heat gains in the summer. The need to reduce 
unwanted heat loss and heat gain is one of the major energy-related issues in window design and 
selection. Window system design and operation have a major impact on energy use in buildings as 
well as on occupants' thermal and visual comfort [2]. Therefore, window design and selection must 
take both aesthetics and serviceability into consideration. 
The challenge in designing facades and selecting windows in commercial buildings is to obtain a 
right balance in many conflicting issues and criteria, including technical issues such as structure and 
security, human factors issues such as glare and view, and energy-related issues such as heating and 
cooling loads. When selecting glazing and shading devices, factors to be considered include strength, 
heat transmission, radiation from inner surfaces, natural and artificial light, noise reduction, and costs 
in relation to total and annual charges of the air conditioning plant. In order to take account of both 
aesthetics and serviceability, the appropriate consultation between the engineer and architect may be 
essential. 
In this paper, using building computer simulation techniques, the effect of glazing selection on the 
thermal and energy performance of a sample air-conditioned office building in Australia is studied. 
Following a brief introduction about design of windows, the methodology or study approach will be 
presented. Case studies for office buildings in major Australian capital cities are then discussed under 
both current and future climate scenarios. The possible implication of glazing selection in face of 
global warming will also be examined. 
 Methodology  
In this section, the methodology or study approach will be presented. This includes the study 
locations, building simulation tool, sample building model, weather data used and window glazing 
types.  
Study locations. All eight capital cities across Australia, including Adelaide, Brisbane, Canberra, 
Darwin, Hobart, Melbourne, Perth and Sydney, are considered in this study. These capital cities not 
only possess the majority of Australian office buildings, but also reflect a range of different climate 
conditions, including hot humid summer, warm winter (e.g. Darwin), warm humid summer, mild 
winter (e.g. Brisbane), hot dry summer with cool winter (e.g. Perth), warm summer with cool winter 
or temperate climate (e.g. Sydney, Melbourne and Adelaide) and mild to warm summer with cold 
winter or cool temperate climate (e.g. Hobart and Canberra). 
Building simulation tool. The DOE-2.1E building simulation software is employed in this paper 
to model the building thermal and energy behaviour. It is a fully dynamic building simulation package 
developed by Lawrence Berkeley National Laboratory. DOE-2.1E is able to simulate the interactions 
between the thermal loads in the building and the thermal mass of the building structure, and it 
calculates the hourly dry bulb temperature for each zone and its heating/cooling load for the modelled 
building. Because the theoretical basis for the DOE-2 model is scientifically rigorous and the source 
codes are open for inspection, it is believed that the software is likely to contain few errors. In fact, 
DOE-2.1E has been widely used and verified by many countries for developing their national building 
energy codes and the studies of building thermal behaviour [3]. 
Sample building model. The sample building chosen for this study is an air-conditioned, square 
plan, ten-storey office tower with a basement car park, which is recommended by the Australian 
Building Codes Board (ABCB) to represent the typical office building found in the central business 
district (CBD) of the capital cities or major regional centres in Australia [4]. As described in Guan 
(2009)[5], the building physical properties used in the hypothetical building model are in line with the 
design parameters used by the ABCB for the study of energy modelling of office building for climate 
zoning, and for the reviewing of the energy saving features of buildings in Australia [6]. In order to 
examine the performance of an existing air conditioned building in future climate, the air conditioning 
systems have been sized using the current design criteria.  
Weather data. The approach of using single reference year weather data (i.e. Test Reference Year 
or TRY weather data), which is selected to represent the average weather patterns of multi-year 
dataset for a specific location, is adopted in this study. Two sets of weather data are employed, one set 
is used to represent the current climate and another set is used to represent the future 2070 high 
scenario [7]. It is believed that the performance of other climate scenarios would fall between these 
two extreme cases and can therefore be estimated based on the results obtained from these two 
extreme cases. In order to generate future hourly weather data for each capital city in Australia, the 
imposed offset method [8] is selected and the morphing approach [9] is used, so that both the current 
TRY weather data and the climate change scenarios predicted by the Australian CSIRO [7] are all 
considered in the study [10].  
Study cases. Different type of window glass may have various features, which not only affect the 
amount of heat gain or loss through the windows by either solar radiation or conduction heat transfer, 
but also the effectiveness of using daylighting. For this study, a total of eight types of glass are chosen 
(Table 1). It can be seen that each type may be characterised by four indices of U–value, shading 
coefficient, solar reflectance and visible transmittance. It is noted that the term of "Clear" means there 
are no impurities added to the glass mix, while the "Tinted" means that the outer pane is tinted with 
inorganic materials to increase light absorption. "Reflective" means a metallic coating is applied to 
one surface of a pane in order to increase solar reflection, while "Low-e" indicates a metallic coating 
is applied in order to increase thermal infrared reflectance. In parallel, the "Single" is referred to as 
single pane of glass with thickness of the pane being 6 mm, while the "Double" is referred to as the 
double panes of glass with 12.7mm of air gap between and the thickness of a glass pane is 3mm. 
 Table 1: The window glass types 
Glass Types U-value (W/m²K) 
Shading 
coefficient 
Solar 
reflectance 
Visible 
transmittance 
Single  
  
Clear 6.17 0.95 0.07 0.88 
Tinted 6.17 0.71 0.06 0.75 
Reflective 5.11 0.29 0.27 0.14 
Low-e 4.27 0.84 0.09 0.81 
Double  
  
Clear 2.79 0.89 0.13 0.81 
Tint 2.79 0.71 0.09 0.74 
Reflective 2.35 0.20 0.27 0.13 
Low-e 1.99 0.85 0.15 0.74 
Results and discussions 
In this section, two aspects of results will be discussed. The sensitivity of glazing types on building 
cooling load and total energy use will be discussed first for both current climate scenario and future 
2070 high scenario. Based on the obtained results, a possible adaptive strategy is then proposed. Its 
effectiveness will then be evaluated in terms of energy use and thermal comfort under the future 2070 
high scenario.  
Effect of glazing types on building cooling load and energy use. The effect of adopting 
different window glass types on the building cooling load and total energy use for the current climate 
scenario is shown in Figure 1, where the type of single clear glass is used as the reference base case 
(benchmark case) to show the relative performance of other types of glass. It can be seen that the 
effects of different types of glass on building energy performance vary significantly between different 
cities. 
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Figure 1: The effect of glass types on the building cooling load and energy use for current climate 
scenario 
It is interesting to note that a building with single pane glass window generally has better energy 
performance than those of double pane glass window. This result is consistent with the results found 
in an early study of building insulation level [11], which indicated that a higher insulation level does 
not always bring benefit in reducing energy use. Indeed, if the indoor temperature is higher than 
outdoor temperature, but cooling load is still required for a building (e.g. due to the high internal load 
generated within office buildings), a higher R-value of window would actually trap more heat inside 
the building. This would require higher cooling load to eliminate the heat. 
Comparing the four types of glass, clear, tinted, reflected and low–e, it can be clearly seen that the 
reflective glass has the best energy performance for Australian office buildings and the tinted glass is 
the second best. This is reasonable, given that for an internal load dominated office building, properly 
controlling the radiant solar heat gain is very important. It is also noted that the low–e type of glass 
generally has the worst energy performance. Except for Darwin, the use of low–e glass will increase 
 building cooling load and total energy use in all the study cities. Similar to the use of double glass, a 
higher R–value of low-e glass will help to trap excess heat inside the air conditioned space. 
The effect of different window glass types on the building cooling load and total energy use for the 
year 2070 high scenario is shown in Figure 2. It can be seen that although the general trends found in 
Figure 1 also apply in Figure 2, the effect of changing glass types on building cooling load generally 
become weaker and the difference between different cities become smaller. In particular, for Darwin, 
it is shown that the use of single clear glass has the worst energy performance and the replacement of 
it with any other types of glass would have the benefits of reducing building cooling load and the total 
energy use. 
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Figure 2: The effect of glass types on the building cooling load and energy use for 2070-high climate 
scenario 
By comparing Figure 2 with Figure 1, it can also be found that the change rates for both cooling 
load and total energy use become smaller in 2070-high scenario (Figure 2) than the corresponding 
values in current climate (Figure 1). This seems to indicate that with an increasing outdoor 
temperature, the effect of changing glass types on the building energy performance become relatively 
weaker. However, it is also noted that this does not necessarily mean that the absolute change in 
building cooling load and total energy would become smaller.  In contrast, due to a higher requirement 
in building cooling load and total energy use for the year 2070-high scenario, even with a higher 
change in the absolute value in building cooling load and total energy in the year 2070-high scenario 
than the current climate scenario, the relative change rate could still be smaller in the year 2070-high 
scenario than the current climate scenario. 
Overall, it may be found that a glass type with higher U-value and solar reflectance, but lower 
shading coefficient will have lower building cooling load and total energy use. Therefore, for the 
Australian climate, tinted glass would generally perform better than the clear glass type, and the 
reflective glass also performs better than the tinted glass type. Compared with the clear glass, the 
low-e glass may perform better or worse, depending on the city that building is located. A building 
with single pane glass window would also generally have better energy performance than that of 
double pane glass window. 
Because the opportunity of daylighting is not modelled in this study, the actual influence of visible 
transmittance has not been measured. In certain cases, the design of a window and choice of glazing 
can dramatically affect the quantity and quality of daylight in a space and how it is experienced/felt by 
occupants. It is also noted that possible radiant heat from glass surface to occupants has not been 
considered in this study. The absorptances of the glass and the surrounding environmental conditions 
have an influence on the glazing surface temperature due to solar radiation. Typical clear glass 
windows do not absorb enough solar radiation to heat up surface temperature significantly. However, 
with tinted glass, surface temperature increases can be significant. These surfaces may not only 
radiate heat to building occupants but also create uncomfortable convection currents of warm air. 
Experience indicates that if people are exposed to the effects of a cold surface, they could also 
experience significant radiant heat loss to that cold surface and therefore may feel uncomfortable, 
 even if the room air temperature is still comfortable. The closer people are to a window, the more they 
will feel its influence. The fact that this heat loss/gain occurs on one side of the body more than the 
other is called radiant asymmetry, and this can lead to further discomfort. 
Possible implication of glazing types in face of global warming. From the above sensitivity 
study, it has been found that the use of single reflective glazing for an office building will normally 
lead to less energy use. Therefore, the following possible adaptation strategy is proposed and 
examined in regards to its effect on the building energy performance and thermal environment: 
Proposed Adaptation Strategy: The type of single reflected glass shall be used to replace the 
current basecase of the type of single clear glass. All other parameters are assumed to remain the 
same as the base case (e.g. the reference case). 
Under the 2070-high climate scenario, the effect of using single reflected glass for the windows on 
building energy performance and thermal environment is illustrated in Figure 3, where only the 
difference between the base case and the proposed change is shown. It can also be seen that the effect 
of using single reflected glass on building energy performance and thermal environment varies with 
different locations. 
 
 ( a )  ( b ) 
Figure 3: The effect of using single reflected window glass on building energy performance and 
thermal environment under 2070-high climate scenario.  
It can be seen from Figure 3(a) that the total energy use reduction by the implementation of 
proposed Adaptation Strategy from base case varies from 8.4 to 13.5 kWh/m² per annum or 103 to 
166 MWh per annum for the modeled office building at different locations. It also appears that three 
levels of effect may be found, with the most effective group being Brisbane, Darwin and Perth. This is 
followed by the second group of Adelaide and Sydney, and the third group of Canberra, Hobart and 
Melbourne.  
In parallel, from Figure 3(b), it can also be seen that by implementing the proposed Adaptation 
Strategy, the overheating hours can be reduced by up to 20.5% or 482 hours per annum from the 
original base case of 35%*2349=822 hours at Darwin. This is a very significant decrease. The effect 
of using single reflected window glass at other capital cities is also quite significant, reducing 
overheating by around 129 to 317 hours or 5.5-13.5% per annum. After this deduction, except for 
Darwin and Sydney, all other capital cities will have overheating hours below 5% or 117 hours per 
annum. Comparing Figure 3(b) with Figure 3(a), it can also be seen that the effect of using single 
reflected window glass on overheating hour reduction is much more related to the local climate than 
that of building total energy use. The cooler the place, the smaller reduction of overheating hours by 
using single reflected window glass. 
Conclusions 
Windows are one of the most significant elements in the design of buildings. Whether there are small 
punched openings in the facade or a completely glazed curtain wall, windows are usually a dominant 
 feature of the building's exterior appearance. From the energy use perspective, windows may also be 
regarded as thermal holes for a building. Therefore, window design and selection must take both 
aesthetics and serviceability into consideration.  
In this paper, using building computer simulation techniques, the effects of glass types on the 
thermal and energy performance of a sample air-conditioned office building in Australia are studied. 
It has been found that a glass type with higher U-value and solar reflectance, but lower shading 
coefficient will have lower building cooling load and total energy use. This indicates that they would 
have good potential to mitigate the impact of global warming on the built environment. Through the 
comparison of results between current and future weather scenarios, it has also been identified that the 
pattern found from the current weather scenario would also exist in the future weather scenario, 
although the scale of change would become smaller. 
The possible implication of glazing selection in face of global warming has also been examined. 
Based on sensitivity study of glass types, a possible adaptation strategy to replacing single clear glass 
with single reflective glazing for an office building is proposed. Its implication under future 2070 high 
scenario has been examined in regards to its effect on the building energy performance and thermal 
environment. It has been found that the implementation of the proposed adaptation strategy will lead 
to significant reduction of overheating hours, therefore, the improvements of occupant comfort. 
Compared with the influence in building thermal performance, the influence on the building energy 
use is relatively small or insignificant. However, it is also stressed that when evaluating possible 
adaptation strategies for a specific building, an economic analysis should also need to be performed 
before a final decision is made. 
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